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(54) A composition and slurry useful for metal CMP 



(57) A chemical mechanical polishing precursor 
composition comprising at teast one catalyst having 
multiple oxidation states, and at least one stabilizer, the 
composition being useful when admixed witli an oxidiz- 
ing agent prior to use to remove metal layers from a sub- 



strate. Also disclosed is a chemical mechanical polish- 
ing composition comprising an oxidizing agent and at 
least one catalyst having multiple oxidation sites, the 
composition being useful when combined w/ith an abra- 
sive or an abrasive pad to remove metal layers from a 
substrate. 
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Description 

p&rk-rsRnUND OF THE INVENTION 
5 1 . Field of the Invention 
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■ma chemtel mechanical polishing compo.»«.n ^ Mo„ particularly Ihls In.anlion 
lor polichlrig malal layers ahd thln-tlms aesocraled «/ith ""''''^^^T^r^Mi^ZMm mlBl layers andlhin- 
,. concarr,s.ch,mlcal,nechahicalpolishlr,9slurry.ha,,secp^^^^^^^ 

r:=r:s:^rs=r^ 

15 agent. 

2. Description ot the Related Art 

Which are initially isolated from one another, are y"'^^^,^^;^^'^^"^"^^^ structures normally have a 

interconnected through the use o1 well-known rriult.level '"<-<^<=^"^;;'°"^^ an^ a third and subse- 

first layer of metallization, an interconnection layer, a ^^^^^^^ ^^"L"*"^; ^^^^^^^ (SiO^). are used to 
quent levels ot metallization. Interlevel dielectrics -f^ ^ '^^P^^^^^^^^^ 

electrically isolate the diflerent levels of metall.zat.on .n a ^"JJ:;'^ "!^^ g p^^^,, No 4.789.648. which is in- 

different interconnection levels are made through the use ^^^^^^ ^f^2,^^'-;if3„i^^^^ and metallized vtes in 

oorporated herein by reference, describes a rr^ethod [^'^[^^^[''J^^^c^^^^^ between interconnection 
insulator films. In a similar manner, metal contacts J^J^^^^^^^ 

levels and devices formed in a well. The metal v«s and ^'l^^^f^!^^^^^ as a tungsten metal layer 

an adhesior, layer such as titanium nitride (TIN) -f^f ^^.'^^^^^ SiO.from reacting, 

to Si03. At the contact level, the adhesion layer acts «^^^,f '«™ by a blanket tungsten dep- 

,n one semiconductor manufactur.ng P^°^^^^^- "^^^J^ '^fi* are etched through an 
osition followed by a chemical mechanical pol.sh (CMP) ^^^^^^^P'^^^J^'^f ^eJt a thin adhesion layer such as 

interlevel dielectric (ILD) to interconnectK,n ''"^^^^^rtheTo an^^^^^^^ via hole. Then, a tungsten 
titanium nitride and/ortitanium is generally formed ^"^^I'f '^^'^^^^^^ continued until the via hole is filled 

film is blanket deposited over the adhesion layer and '"^^^^^^'f Jjl^S'^^^^^^^ to form metal vias. Proc- 

with tungsten. Finally, the excess metal .s ^^"^°ved by chemica mechanical pd^ ) 4,944,836. 

esses for manufacturing and/or CMP of ILD's are d-'^'^^f ^.^^^^ with a rotating polishing 

In a typical chemical mechanical pol.sh.ng Process the ^^l^^^lf fj^ P^^^^^^^^ ocess. the pad and table 

pad. A carrier applies pressure against the backs.de of ^^^^^^f/i^^J^.^^^^^^^^^^^ chemically reactive 

manner until the desired film on the '^^[^^7°;'^^^ 3,^- Depending on the choice of the oxidizing agent, 

The slurry composition is an important factor in the CMP ^'^P;^^^"" ^ ^^^^^^ polishing to metal layers 
the abrasK^e. and other useful additives, the polis^Hngs^^^^^ 

tJS::::;^::^^^:^^^ X:::^^^ oth. thm-film matenals used . ...s. 
integrated circuit technology such as titanium. i""^;;*-;!^; '"l^^ a„^ina, suspended in an oxidizing. 

Typically CMP polishing ^'""'-^^J--^^^^^^^^^^ ^a . repl ^ slrry contai^ng alumina, hydrogen 

aqueous medium. For example. U.S. patent No- 5.244.5^ J to ^u p tungsten at predictable rates with little 

=jorrs;st:i~orpS^^^^^^^ 
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These species can migrate and change the electrical properties of the devices at gates and contacts and change the 
dielectric properties of the SiOg layers. These changes may reduce the reliability of the integrated circuits with time. 
Therefore, it is desirable to expose the wafer only to high purity chemicals with very low concentrations of mobile 
metallic ions. 

5 Known, non-metallic oxidizers suffer from typically low tungsten polishing rates. Because it is difficult to polish the 

tungsten at a high rate, the polishing step must be lengthened to remove the last traces of the deposited tungsten 
layer. Lengthening the polishing step exposes layers, such as SlOg, to overpolishing and to undeslreable erosion. This 
erosion makes it more difficult to print high resolution lines during subsequent photolithography steps increasing the 
number of wafer failures. In addition, lengthened polishing steps reduce the throughput of an IC fabrication plant and 

10 increase the cost of the resulting IC. 

A' new CMP slurry is, therefore, required that is both essentially free of potential integrated circuit contaminants 
and that polishes at high rates, in addition, a new CMP slurry and composition is needed that remains stable and active 
long after the compositions and slurry is prepared. 

IS SUMMARY OF THE INVENTION 

The present invention is directed to a single chemical mechanical polishing composition that is essentially metal 
free in that it will generally include less than about 3000 ppm of metals or metal ions. Such a metal tree chemical 
mechanical polishing composition will produce polished substrates with fewer detects that are generally attributed to 
20 the presence of metals and metal contaminants in CMP slurries. 

In addition, the chemical mechanical polishing composition of this invention is able to polish tungsten, titanium, 
and titanium nitride layers at high rates. 

This Invention is also a chemical mechanical polishing composition that presents fewer disposal problems due to 
its very low metals content. 

25 In addition, this invention is a state-of-the-art chemical mechanical polishing composition that is able to polish 

tungsten at very high rates with minimal impurity defects and that can be easily disposed of once used. 
This invention is also a chemical mechanical polishing slurry and composition that has a long shelf life. 
Another aspect of this invention is a chemical mechanical polishing precursor composition that lacks an oxidizing 
agent and is later combined with an oxidizing agent prior to use to give a useful CMP slurry. 
30 Furthermore, this invention is directed to methods for using the chemical mechanical polishing composition of this 

invention in a slurry to polish a plurality of metal layers in an integrated circuit. 

In-one embodiment, this invention is a chemical mechanical polishing composition comprising an oxidizing agent 
and at least one catalyst having multiple oxidation states. 

In another embodiment, this invention is a chemical mechanical polishing slurry comprising an abrasive, ferric 
35 nitrate, and from about 1 .0 to about 10.0 weight percent of an oxidizing agent selected from the group consisting of 
hydrogen peroxide and monopersulfate. When the oxidizing agent is hydrogen peroxide, then the slurry includes from 
about 0.01 to about 0.05 weight percent ferric nitrate. When the oxidizing agent is monopersulfate, then the slurry 
includes from 0.1 to about 0.5 weight percent ferric nitrate. 

In another embodiment, this invention is a chemical mechanical composition including at least one oxidizing agent 
40 and the product of the mixture of at least one catalyst having multiple oxidation states and at least one stabilizer The 
composition is most useful In CMP methods for polishing substrates comprising tungsten. 

In still another embodiment, this invention is a method for polishing a substrate, including at least one metal layer, 
comprising the steps of preparing CMP slurry by admixing at least one abrasive, at least one oxidizing agent, at least 
one catalyst having multiple oxidation states and deionized water Next, the CMP slurry is applied to the substrate, 
45 and at least a portion of the metal layer is removed from the substrate by bringing a pad into contact with the substrate. 
In this embodiment, the CMP precursor composition described herein may also be utilized. 

In yet another embodiment, this invention is a method for polishing a substrate including a tungsten layer The 
method is accomplished by preparing a CMP slurry by admixing from about 1.0 to about 15.0 weight percent silica, 
from about 0.01 to about 1 .0 weight percent ferric nitrate, from about 0.50 to about 10.0 weight percent of an oxidizing 
so agent selected from the group consisting of hydrogen peroxide, monopersultates and mixtures thereof, and deionized 
water. Next, the chemical mechanical polishing slurry Is applied to the substrate, and at least a portion of the tungsten 
layer is removed from the substrate by bringing a pad into contact with the substrate and moving the pad in relation to 
the substrate. 

Also disclosed is a multi-package system useful for preparing a chemical mechanical polishing slurry. The multiple 
55 package system includes a first container comprising at least one oxidizing agent and a second container comprising 
at least one catalyst having multiple oxidation states. 
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nPc^HRIPTION TMF r.llRRENT EMBODIMENT 

and at l.a« one cala^sl lha, pr<»mlas a ^ a tLst one m.lal lay., assooaed «ilh a s.bsM<a ss- 

cnemicl ma*anfcal polishing «>W^^«'r;^"^T^^ , m <^LT^^^^^ Gals substralss. and other subsl-ales 
lact.d1,omlh» gioup including *""«**'f toS slrt^^^^^ and w.tars. In patioular, th, chemical 
.ssocialed vm integrated circuns, th,n r"^L^?;^l;S^exc.llem polishing pedomtance when o.ed lo 

^or-'irssr^re^ro.s^^^^ 

ror.trd1tr.tri;Sr«' r« -h an ..as., pad to ,en„ov. on. c, more 

layers of metal from a multiple layer al"z^^°"- another uselul product o1 this invention 

The term chemical mechanical polishing ^'"^^■J^'^^.^.f ^^^^^j-,;^^ at least one abrasive. The CMP slurry is 
that comprises the chemical mechanical ;=°"^P°;^°" Z^e L are not limited to semiconductor thin-lilnris 
uselu. .or polishing a multiple level -^.^f ^^^^^^^^ 

integrated circuit thin-.i.ms. and lor P°'f '"9 "^^J^^^^^^^^ an oxidizing agent and catalyst that 

one aspect o. this invention is a ^^^^^^^^ '^J^JX^^^ mechanical composition is useful when in- 

is uselul .n oxidi.mg metal layers in P°''f '"^ I ^etal layer to its corresponding oxide or ions. For 

corpoiated a chemical mechanical polishing ^^,^7'° "'^'^^^^^^^^^^^^ aluminum to aluminum oxide and copper 
example, the combination can be used to ^^'^^^""S^ f^^^^^^^^^^^ Z2 are useful when incorporated into a CMP 

to copper oxide The oxidizing ^^^^^'^^U^uT^^e;^^^^^^^^ -d metal based components including 

sluriy or when used alone .n conjunction f ^^'I^^^^-,^^; ^j^^^^es and combinations thereof, 

tungsten, titanium, titanium nitride, coppe. ^"^^ one oxidizing agent that has an electro- 

The chemical mechanical composition of this invent on .^j^^ catalyst. For example an oxidizing 

Chemical potential greater than the f^^^^'l^J^.f ^^^^^^^^^^^ electrode is necessary when a hexa aqua 

agent having a potential of greater than used, an oxidizing agent having a potential 

iron catalyst is oxidized from Fe(,l) to l^^^^^oo^Zl^^^^^ '° ^"^'^ ""'''^ ""'T 

l«rcoSrs— mt ^^^^^^^^ --1 oxidizers, upon the add.on of additives such as 

ligands (complexing agents) to the '=°'^P.°^"*°"V°oI o^aS^^^^^^ A per-compound as defined by HawleyS 

The oxidizing agent is preferably an leasTo^e peroxy graup {-0-0-) or a compound containing 

condensed Chemical Dictionaryl. a compound ^'"^9 ^^^^^^^^^ contarning a' least one peroxy group include but are 
; an element in its highest oxidation ^j^^^^^J^"^^^^^^^^^^ and percarbonates. organic peroxides 

notlimrtedtohydrogenperoxideanditsadductssuchas^ ^onopersulfates (S05=). dipersulfates (S208=). and 

such as benzoyl peroxide, peracetic ^^'d. c^4^butyl 9^^°^^^' ^ f ^^ate include but are not 

sodium peroxide. Examples of ^°"^P°""ds conta^ing an eler^e^^^ 9 ^^^^ ^^^..^ 

,in,ited to periodic acid, periodate salts, ^^'^^^"'^^^'^.^^^^^^^ 



40 



45 



'°''t::^llZe6^^^^^^^ ^Vdrogen peroxide and its adducts. and monopersu«ates. Monopersul- 

tates arcototdrr^^^^ oxidizing SO, group as shown below: 



O 

Xi— o-o-s— O-X7 
o 



so 



ss 



: .. M qi/R'^ NH. N(R-). and alkali earth metals such as Li. Na. K. and so forth; 

re;:5rs:rhSr;S'?oV^eif 

r ?;e~s: cr::;^^..^' ::rSnsrKH^4:KHSO, ind K a. -is cc„.ha.- ^= 

as a triple salt. ^ . ^^i^^, mpchanical polishing slurry in an amount ranging Irom 
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from about 0.5 to about 10.0 weigh! percent. 

The chemical mechanical composition of this invention includes at least one catalyst. The purpose of the catalyst 
is to transfer electrons from the metal being oxidized to the oxidizer (or analogously to transfer electrochemical current 
from the oxidizer to the metal). The catalyst or catalysts chosen may be metallic, non-metallic, or a combination thereof 
and the catalyst must be able to shuffle electrons efficiently and rapidly between the oxidizer and metal substrate 
surface. Preferably, the catalyst is chosen from metal compounds that have multiple oxidation states, such as but not 
limited to Ag. Co, Cr, Cu, Fe, Mo, Mn, Nb, Ni, Os, Pd Ru. Sn, Ti and V. The term "multiple oxidation states" refers to 
an atom and/or compound that has a valence number that is capable of being augmented as the result of a loss of one 
or more negative charges in the form of electrons. Most preferred metal catalysts are compounds of Ag, Cu and Fe 
and mixtures thereof. Especially preferred are iron catalysts such as but not limited to inorganic salts of iron, such as 
iron (II or III) nitrate, iron (II or III) sulfate, iron (11 or 111) halides, including fluorides, chlorides, bromides, and iodides, 
as well as perchlorates, perbromates and periodates, and ferric organic iron (II or III) compounds such as but not limited 
to acetates, acetylacetonates, citrates, gluconates, oxalates, phthalates, and succinates, and mixtures thereof. 

The catalyst may be present in the chemical mechanical polishing composition in an amount ranging from about 
0 001 to about 2.0 weight percent. It is preferred that the catalyst will be present in the chemical mechanical polishing 
composition in an amount ranging from about 0.005 to about 0.5 weight percent. It is most preferred that the catalyst 
will be present in the composition in an amount ranging from about 0.01 to about 0.05 weight percent. At this preferred 
catalyst loading level, i.e,, 0.05 weight percent or less, and when a non-metallic oxidizing agent such as hydrogen 
peroxide, urea hydrogen peroxide or monopersulfate is used, the chemical mechanical polishing composition is es- 
sentially metal and "metallic ion free" in comparison to commercially available ferric nitrate based slurries. 

The amount of catalyst in the chemical mechanical composition of this invention may be varied depending upon 
the oxidizing agent used. When the preferred oxidizing agent hydrogen peroxide is used in combination with a preferred 
catalyst such as ferric nitrate, the catalyst will preferably be present in the composition in an amount ranging from about 

0. 005 to about 0.20 weight percent (approximately 7 to 280 ppm Fe in solution). When the preferred oxidizing agent 
is a triple salt of monopersulfate and a preferred catalyst such as ferric nitrate is used, the catalyst will preferably be 
present in the composition in an amount ranging from about 0.05 to about 1.0 weight percent (approximately 70 to 
about 1400 ppm Fe in solution). 

The concentration ranges of catalyst in the chemical mechanical polishing slurry of this invention are generally 
reported as a weight percent of the entire compound. The use of high molecular weight metal containing compounds 
that comprise only a small percentage by weight of catalyst is well within the scope of catalysts in this invention. The 
term catalyst when used herein also encompasses compounds wherein the catalytic metal comprises less than 10% 
by weight of the metal in the composition and wherein the metal catalyst concentration, in the CMP slurry is from about 
2 to about 3000 ppm of the overall slurry weight. 

The chemical mechanical composition of this invention may be combined with at least one abrasive to produce a 
CMP slurry. The abrasive is typically a metal oxide abrasive. The metal oxide abrasive may be selected from the group 
including alumina, titania, zirconia, germania, silica, ceria and mixtures thereof. The CMP slurry of this invention pref- 
erably includes from about 1 .0 to about 20.0 weight percent or more of an abrasive. It is more preferred, however, that 
the CMP slurry of this invention includes from about 3.0 to about 7.0 weight percent abrasive. 

The metal oxide abrasive may be produced by any techniques known to those skilled in the art. Metal oxide abra- 
sives can be produced using any high temperature process such as sol-gel, hydrothermal, plasma process, or by 
processes for manufacturing fumed or precipitated metal oxides. Preferably the metal oxide is a fumed or precipitated 
abrasive and, more preferably it is a fumed abrasive such as fumed silica or fumed alumina. For example, the production 
of fumed metal oxides is a well-known process which involves the hydrolysis of suitable feedstock vapor (such as 
aluminum chloride for an alumina abrasive) in a flame of hydrogen and oxygen. Molten particles of roughly spherical 
shapes are formed in the combustion process, the diameters o1 which are varied through process parameters. These 
molten spheres of alumina or similar oxide, typically referred to as primary particles, fuse with one another by under- 
going collisions at their contact points to form branched, three dimensional chain-like aggregates. The force necessary 
to break aggregates is considerable and often considered irreversible. During cooling and collecting, the aggregates 
undergo further collision that may result in some mechanical entanglement to form agglomerates. Agglomerates are 
thought to be loosely held together by van der Waals forces and can be reversed, /.©., deagglomerated, by proper 
dispersion in a suitable media. 

Precipitated abrasives may be manufactured by conventional techniques such as by coagulation of the desired 
particles from an aqueous medium under the influence of high salt concentrations, acids or other coagulants. The 
particles are filtered, washed, dried and separated from residues of other reaction products by conventional techniques 
known to those skilled in the art. 

A preferred metal oxide will have a surface area, as calculated from the method of S, Brunauer, P.H. Emmet, and 

1. Teller. J. Am. Chemical Society, Volume 60, Page 309 (1 938) and commonly referred to as BET, ranging from about 
5 m2/g to about 430 m^/g and preferably from about 30m2/g to about 170 m^/g. Due to stringent purity requirements 
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erably less than 0.01% C/. a, lOOppm). ^„n«i«t«r.f metal oxide aggregates having a size distribution 

in this prelerred embodiment, the metal oxide abrasive '^^'^^^'^'^^l^^f^^^^^ ,orce sufficient to repel and 

less than about 1 .0 micron, a mean aggregate f ^ '^^^Jj^^^^^^ oxide abrasive has been 

overcome the van der Waals torces betv^een ^'''^''^^^^''^tZZ^^^^ other surface imperfections during 
tound to be effective in minimizing or avoiding ^^^^^^^^^aj ^ J^^^^^ be dSer^ined utilizing known techniques such 
polishing. The aggregate size distribution in '"^l^J^^^^'';^^^^^ to the average equivalent spherical 

as transmission electron microscopy (TEM). mean aggrega^^^^^^ aggregate. By force is meant 

come the van der Waals attractwe forces ^^^wf " "^f P^^^^ . discrete, individual metal oxide particles 

P,.l.,ably. the mMal oxlM abrasive » mcorporaM ^„^„ „, ™,a| oxide abra.lv.s Vplcaily 
„a,ed aqoeoJs d.eperelo. =. m.Bl oxides, wh,* ^d Ti^e aqueous disperslc. o1 

away from the isoelectric point to alone or in combination into the chemical me- 

coTiplex. it is wall i<now„ tl,al hydto^.n per«^. ~' ""^^^/J.^'' "J","^ ™v Ir^'u"' • •<^'« 
stabiliz.» For this t.a.on. the CMP '^"'Z^^^lZl degrades the oxidlzirtg age.t «pdi, over 
stabilize,, the cataiyst aod th. oxidiZ.ng aQ.nt ma, ""^^"^ ,he e.ectlveness ol tlte oat.lyst. Therefore 

rchre~p.%~^ oT=r :r — pos.^ . -po- - - . .^..^ o„ 

a staler ,0 th, c^posji^rs ahd^^^^^^^^^^^ 
stabliizer/catavstdompiextw ^'V^'^^iTSTrSJl^*^^^^ 

rroSi;rrorr,rd,r :rrrarj;r a„d s.r. .hethe, . <^ — n », 
'-t:sr,"eS:r;oXi^ro.^^^^^^^ 

phosphonale <»mpo.rnds. rrltrlles ,f''^'X1,Stabtee" maTM uSd in their cohlusate lom>. e.g., the car- 

rradi^rrrroS^Sbrss^^ir^^^^^ 

« ,h. rat. at Which oxidizing agents such as "y"''?^^'^'^^^^^^ acid, oxalic acid, mawic acid, oec- 
Preferred stabilizers inciixle phosphoric ^^J^^^^ "^;^^ ,^thi co^tposltions and slurries ol this in«ntioo 
zciHrlle and mixtures thereof. The preferred '«*»'^«'" » 0 »ei9ht percent or more. As used herein. Ih. 

„ 'e"1.3s pe, c^tafy., mean. moiecufes of •f^''^^'^^^:'^, ,s equW.nfs pe, c«a^s, o, 
Most preferred stabilizers include from f •'"^^^^^^^^^ 1 g^ percent phthalic acid, and the combination o. 

„ nrch:i'ar."Lai poiuhmg -p»«-^\~rin "a'ddr rchirm-eSni-^sh'T^ 
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method, the oxidizing agent and catalyst are nnixed into the aqueous medium, such as deionized or distilled water, at 
predetermined concentrations under low shear conditions until such components are completely dissolved in the me- 
dium. A concentrated dispersion ot the metal oxide abrasive, such as fumed silica, is added to the medium and diluted 
to the desired loading level of abrasive in the final CMP slurry. In addition, the catalyst and additive such as one or 
5 more stabilizers, may be added to the slurry by any method that is able to incorporate metal catalytic compounds of 
this invention in an aqueous solution. 

In another method, the stabilizer and catalyst are admixed to form a complex prior to combining the complex with 
an oxidizing agent such as hydrogen peroxide. This may be accomplished by admixing the stabilizer and a metal oxide 
abrasive dispersion to give an abrasive/stabilizer dispersion followed by admixing the catalyst with the abrasive/stabi- 
10 lizer dispersion to give a catalyst/stabilizer complex in a metal oxide dispersion. The oxidizing agent is then added to 
the admixture. When the metal oxide abrasive is alumina, then the stabilizer and catalyst should be admixed to form 
a complex prior to admixing the complex with the alumina abrasive, otherwise the catalyst may be rendered ineffective. 

The compositions of the present invention may be supplied as one package system (at least one oxidizing agent, 
at least one catalyst, optional abrasive, and optional additives in a stable aqueous medium). To avoid possible com- 
15 position degradation, however, it is preferred that at least a two package system is used where the first package com- 
prises at least one oxidizing agent, and the second package comprises at least one catalyst. Optional components, 
such as an abrasive and any optional additives may be placed in either the first container, the second container or in 
a third container. Furthermore, the components in the first container or second container may be in dry form while the 
components in the corresponding container are in the form of an aqueous dispersion. For example, the first container 
20 may comprise an oxidizer, such as hydrogen peroxide, in liquid form while the second container comprises a catalyst, 
such a ferric nitrate, in dry form. Alternately, the first container may comprise a dry oxidizing agent while the second 
container may comprise an aqueous solution of at least one catalyst. Other two-container, and three or more container 
combinations of the ingredients of the chemical mechanical composition and CMP slurry of this invention are within 
the knowledge of one of ordinary skill in the art. 
25 Due to potential concerns about shipping CMP slurries containing oxidizing agents, and especially where hydrogen 

peroxide is used, it is preferred that the CMP composition and CMP slurries of this invention are prepared and packaged 
as a CMP precursor shipped to a customer or other point of use, and combined with hydrogen peroxide or any other 
oxidizing agent at the designated facility prior to use. Therefore, a further aspect of this invention is a CMP precursor 
composition and/or slurry comprising one or more ingredients selected from the group including catalysts, abrasives. 
30 and stabilizers in dry or aqueous form but lacking an oxidizing agent. The CMP precursor composition is then combined 
with at least one oxidizing agent and preferably hydrogen peroxide. 

A-preferred CMP precursor composition does not include an oxidizing agent but will include the product ot the 
combination of at least one catalyst having multiple oxidation sites and at least one stabilizer with or without one or 
more abrasives. A most preferred CMP precursor composition will not include any oxidizing agent and will include from 
35 about 3.0 to about 7.0 weight percent silica, from about 0.01 to about 0.05 weight percent ferric nitrate, and about 2 
equivalents per catalyst to about 15 equivalents per catalyst of malonic acid. As stated above, the oxidizing agent is 
then mixed with the CMP precursor composition at the point of use. 

A single or multi-package (or multi-container) chemical mechanical composition or CMP slurry of this invention 
may be used with any standard polishing equipment appropriate for use on the desired metal layer of the wafer. The 
40 multi-package system includes one or more CMP components in aqueous or dry form in two or more containers. The 
multi-package system is used by combining the components from the various containers in the desired amounts to 
give a CMP slurry comprising at least one oxidizing agent, at least one catalyst, and an optional abrasive in amounts 
described above. 

45 EXAMPLES 

We have discovered that a composition including an oxidizer and a catalyst is capable of polishing a multiple metal 
layer comprising tungsten and titanium at high rales while exhibiting an acceptable low polishing rate towards the 
dielectric layer. 

50 The following examples illustrate preferred embodiments of this invention as well as preferred methods for using 

compositions ot this invention. 

EXAMPLE 1 

55 Polishing slurries were prepared in order to evaluate the performance of the resulting CMP slurries on tungsten 

wafer CMP Performance parameters measured included tungsten polishing rates. A standard abrasive slurry including 
5.0 weight percent colloidal silica and deionized water was used tor all runs. Various oxidizing agents and catalysts 
were added to the standard abrasive slurry in order to evaluate the effect of various CMP slurry compositions on 
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tungsten polishing rates. The polishing slurries were P^P^^^.^V c-^^^^^^^^^^^ 

based dispersion manufactured by Cabot Corporation and sold under the trademark OAB<> 

^^^O^"^":^^ ^^S^^tXs.. hlanKet waters having thickness ot 

Sra7p?cCESTE^r472 CN^^^^^^^ minute at a down force of 5 psi, a slurry flow rate of 1 50 m.min. a table 
speed of 60 rpm, and a spindle speed ot 65 rpm. 

EXAMPLE 2 

in Table 1 . 
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Slurry 


HgOgWt % 


Ferric Nitrate wt % 


W CMP Rate (A/min) 


1 


0 


0 


43 


2 


0 


0.2 


291 


3 


5.0 


0 


385 


4 


5.0 


0.02 


4729 


5 


5.0 


0.05 


6214 



AS shown in Table 1. the control samples (slurries 1-3) polish tur^gsten ^J-.^^^'^^^^^'^^^Z^f^^^^^^^ 

than one order of magnitude increase in tungsten rates. 
EXAMPLE 3 

and monopersulfate in the slurries are set forth in Table 2 below. 

Table 2 



Slurry 


Oxone® wt % 


Ferric nitrate w\ % 


WCWIP Rate A/mIn 


1 


0.0 


0.0 


43 


2 


0.0 


0.2 


291 


3 


10.0 


0.0 


264 


4 


20.0 


0.0 


413 


5 


10.0 


0.2 


3396 



AS Shown in Table 2 the control samples, (slurries 1-4). polish tungsten at unacceptabV low rates.. Slurry 5 a 
K , r^r^ n wi V monooersullale and 0 2 wt. % ferric nitrate catalyst was able to polish a tungsten layer at a 
::"tg; rate oncr^aiirder^^nsuSng the synergistic effect of combining an electron shuffling cataly^ v^h an 
oxZizing ag^nt that has an electrochemical potential greater than the potential necessary to ox,d.ze the catalyst. 



8 



EP 0 844 290 A1 



10 



15 



20 



2£ 



30 



35 



40 



45 



EXAMPLE 4 

Eight polishing slurries, each including varying amounts of hydrogen peroxide and terric nitrate were prepared and 
tested according to the methods set lorth in Example I . Each slurry included 5.0 wt % fumed silica. The concentrations 
of ferric nitrate and hydrogen peroxide in the slurries are set forth in Table 3 below. 

Table 3 



Slurry 


|_| r\ mart O/ 




W CMP Rate A/min 


1 


0.1 


0.20 


717 


2 


1.0 


0.05 


2694 


3 


2.0 


0.02 


3019 


4 


3.0 


0.01 


2601 


5 


3.0 


0.02 


3420 


6 


3.0 


0.05 


4781 


7 


5.0 


0.01 


3374 


8 


5.0 


0.02 


4729 


9 


5.0 


0.05 


6214 



As shown in Table 3, tungsten polishing rates vary depending upon both the amount of hydrogen peroxide and 
the amount of ferric nitrate catalyst in the slurry. Furthermore, the results reported in Table 3 also demonstrate that 
only a very small amount of catalyst — 0.05 weight percent or less — is very effective in catalyzing tungsten polishing 
using a CMP slurry comprising hydrogen peroxide. 

EXAMPLE 5 

- Nine polishing slurries were prepared and tested according to the methods set forth in Example 1 in order lo 
investigate the effect of varying the amount of ferric nitrate catalyst and/or monopersultate (Oxone®) oxidizing agent 
in a CMP slurry on tungsten chemical mechanical polishing rates. Each slurry included 5.0 wl % fumed silica. The 
concentrations of ferric nitrate and monopersultate in the slurries are set forth in Table 4 below. 

Table 4 



Slurry 


Oxone® wt % 


Ferric Nitrate wt % 


WCMP Rate A/min 


1 


5.0 


0.05 


1925 


2 


5.0 


0.14 


2921 


3 


5.0 


0.2 


3178 


4 


5.0 


0.3 5 


3401 


5 


10.0 


0.036 


1661 


6 


10.0 


0.2 


3396 


7 


10.0 


0.5 


3555 


8 


15.0 


0.05 


2107 


9 1 15.0 


0.35 


3825 



The results of the tungsten CMP reported in Table 4 demonstrates that varying the amount of monopersulfate in 
the CMP slurry has a lesser effect on tungsten polishing rates than varying the amount of catalyst in the CMP slurry. 

ss EXAMPLE 6 

Eleven CMP slurries were prepared and tested accordingto the method set forth in Example 1 in order to investigate 
the effect of varying the catalyst type and oxidizing agent type on tungsten chemical mechanical polishing rates. Each 



9 



EP 0 844 290 A1 

Muded 5,0 », % <^ The -yp. co.c»„a.o» o, oa«.. .nd ox«,ng used . eac. CMP 

slurry are set lorth in Table 5 below. 

Table i 
Catalyst ' 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 




3 - slurry 2). 
EXAMPLE 7 

percent lerric nitrate was also evaluated- 



Slurry 


Oxidizer (Wt %) 


Catalyst 


Time to Clear 


1 


57o H2O2 


28 ppm Fe 


90 seconds 


2 


5% H2O2 & 1% Oxone® 


280 ppm Fe 


70 seconds 


3 


Commercial Slurry - 5 wt % Ferric Nitrate 


170 seconds 



Exce,.ent poHs.ng pe.ornance was s.^^^^^^^^ ^ .^t 

polishing rates on each ot the --^-"'^-^-J^V^^^^^^ available slurry. Exarr,ir.ation of 

containing slurries exhibited super.or '1^^^"^"^,°^^ device waters were successfully planarized, 

.. -...I /^f cr-ratrhes Of OitS. 



wtin accejj^^'^ ,w - 

was smooth with no evidence ot scratches or pits. 



EXAMPLE 8 

^.»a.p,.d— »=.a.n_™ 
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deionized water. The siiica used in both slurries is a fumed silica based dispersion manufactured by Cabot Corporation 
and sold under the trademark CAB-O-SPERSE®. 

The slurries were prepared and applied to tungsten wafers according to the method of example 1. The slurries 
were then allowed to age for several days after which a known amount of the aged slurry was sampled and titrated 
wrth potassium permanganate to determine the amount of active peroxide remaining. The titration and polishing results 
are reported in Tables 7 and 8 below. 



Table 7 



Stabilizer 


% hydrogen peroxide 
remaining after 8 days 


W Polishing rate 
(A/min) 


Silica Surface Area 
(m2/g) 


1.1 cquiv. phosphonic acid 


94 


670 


90 


4.9 equiv. phosphoric acid 


93 


1600 


90 


■-6.0 equiv. phthalic acid 


91 


2200 


90 


3-5 equiv. citric acid 


72-89 


2200 


90 


3-5 equiv. malonic 


79-85 


2500 


90 


None 


0 


4300 


90 



Table 8 



Stabilizer 


% hydrogen peroxide 
remaining after 6 days 


W polishing rate 
(A/min) 


Silica Surface Area 
(m2/g) 


1% adtpic acid 


76% 


3451 


150 


0.5% adipic acid 1 equiv 
oxalic acid e 


84% 


4054 


150 


5 equiv malonic acid 


83% 


3802 


90 



The results indicate that the hydrogen peroxide activity was maintained in each slurry that included a stabilizer in 
comparison to the slurry containing no stabilizer which had no hydrogen peroxide activity after 8 days. The polishing 
results are acceptable and demonstrate that stabilizers effect the catalyst efficiency of the slurry. Therefore, there is a 
balance between a chemically stable slurry and the high tungsten rates that are promoted by the catalyst/oxidizing 
agent combinations. 



EXAMPLE 9 

Tungsten wafers were polished according to the method of Example 1 using a slurry including an alumina abrasive. 
The alumina dispersion used in each slurry was W-A355 manufactured by Cabot Corporation. The slurry compositions 
tested and their polishing results are set forth in Table 9, below. 



Table 9 



• Slurry 


H2O2 {wt %) 


Alumina 
(wt%) 


ferric nitrate • 
(H20)9 


Stabilizer (Wt%) 


W Rate (A/min) 


1 


5.0% 


3 0% 


0.02% 


None 


566 


2 


5.0% 


3.0% 


0.02% 


1% citric acid 


1047 


3 


6.0% 


3.0% 


0.036% 


0.091% Potassium 
Hydrogen Phthalate 


1947 


4 


6.0% 


3 0% 


0.036% 


0.1066% Tetrafluoro 
phthalate 


2431 


5 


6.0% 


3.0% 


0.036% 


0.0466% 9 Malonic Acid 


2236 



As illustrated from slurries 2-5 of Table 9, alumina, when combined with an oxidizing agent and a catalyst stabilizer 
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10 



defined by the following claims. ^^^^,;koH th^ nrpnaration of CMP slurries with metal catalysts, 

compositions and slurries of this invention. 
Claims 

1 . A chemical mechanical polishing composition comprising. 

IS at least one oxidizing agent; and 

at least one catalyst having multiple oxidation sites. 

acid, cerium (IV) compounds, and mixtures thereof. 

The Chemical mechanical polishing composition of claims 1-3 wherein the oxidizing agent is a monopersulfate. 
persullate, peroxide, periodate and mixtures thereof. 
. The Chemical mechanical polishing composrtion of claims 4 wherein the oxidizing agent includes at least one 

monopersulfate having the formula: 

O 
II 

Xi-O-O-S-O-Xi 
0 



20 



2$ 



30 



35 



40 mixtures thereol. 

6. Thechamica.mechanicalpo.ishingcomposit.onofciairT,s4or5inc.udingfromabout0.5toabout20weightpercent 
monopersulfate. 

.s 7. The Chemical mechanical polishing composition of claims 4-6 including from about ^ to about 20 weight percent 

2KHSOS5 . KHSO4 • K2SO4. 

8 A Chemical mechanical polishing precursor composition comprising; the product of the mixture of at least one 

catalyst having multiple oxidation sites and at least one stabilizer. 

so . . 

9. A chemical mechanical polishing composition compnsing; 

InSeSn rtas. ^ ca«v« .a„,n. .u.ip.e o.d*„ ana a. ,.a., ona 

" 10. Th. ec^poailion o. c«™ S o, 9 «ha,.l. 0^ =..b«za, I. ,n organs acid, an Ino^gan^ ac«. a ni,d». ^ mixtur.s 

thereol 
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11. The composition o1 claims 8-10 wherein the stabilizer is selected from the group consisting of phosphoric acid, 
phthalic acid, citric acid, malonic acid, phosphonic acid, oxalic acid, adipic acid, benzonitrile, and mixtures thereof. 

12. The composition of claims 8-11 wherein the stabilizer is the admixture of from about 0 equivalents per catalyst to 
s about 3 equivalents per catalyst of oxalic acid, and from about 0.2 to about 1.0 weight percent adipic acid. 

13. The composition of claims 8-11 wherein the stabilizer is from about 2 equivalents per catalyst to about 15 equiv- 
alents per catalyst of malonic acid. 

-io 14. The composition of claims 8-1 1 wherein the stabilizer is from about 3 equivalents per catalyst to about 3.0 weight 
percent phthalic acid. 

15. The composition of claim 9-14 wherein the oxidizing agent is an organic compound, inorganic compound, and 
mixtures thereof 

75 

16. The composition of claims 1 -7 or 9-1 5 wherein the oxidizing agent is between about 0. 1 to about 50 weight percent 
hydrogen peroxide. 

1 7. The composition of claims 1 -7 or 9-1 6 wherein the oxidizing agent is between about 0,5 to about 1 0 weight percent 
20 hydrogen peroxide. 

18. The composition of claims 1-17 wherein the catalyst is a metal catalyst. 

19. The composition of claim 18 wherein the metal catalyst is a compound of Ag, Co, Cr, Cu. Fe, Mo, Mn, Nb, Ni. Os, 
25 Pd, Ru, Sn, Ti V and mixtures thereof having multiple oxidation states. 

20. The composition of claim 1 9 wherein the metal catalyst is a compound of iron, copper, silver, and any combination 
thereof having multiple oxidation states. 

30 21 . The composition of claims 1 -20 wherein the catalyst is an iron catalyst selected from the group consisting of inor- 
ganic iron compounds and organic iron compounds having multiple oxidation states. 

22. The composition of claims 1 -21 wherein the catalyst is ferric nitrate. 

3S 23. The composition of claim 22 wherein the iron catalyst is between 0.01 to about 0.5 weight percent ferric nitrate. 

24. The composition of claims 1 -22 including from about 0.001 to about 2.0 weight percent catalyst. 

25. The composition of claims 1-22 or 24 including from about 0.005 to about 6.2 weight percent catalyst. 

40 

26. The composition of claims 1-4 or 9-24 wherein the oxidizing agent is hydrogen peroxide and the catalyst is from 
about 0.01 to about 0.5 weight percent of an iron catalyst. 

27. The composition of claims 1-7 or 9-24 wherein the oxidizing agent is monopersulfate and wherein the catalyst is 
<s from about 0.05 to about 1 .0 weight percent of an iron catalyst. 

28. The composition of claims 1 -27 which further compnses an abrasive. 

29. The composition of claims 1 -28 wherein the abrasive is at least one metal oxide. 

50 

30. The composition of claims 1-29 wherein the metal oxide abrasive is selected from the group including alumina, 
ceria, germania, silica, titania, zirconia, and mixtures thereof. 

31. The composition of claims 1-30 wherein the abrasive is an aqueous dispersion of a metal oxide. 
55 '-\ 

32. The composition of claims 1 -31 wherein the metal oxide abrasive consists of metal oxide aggregates having a size 
distribution less than about 1.0 micron and a mean aggregate diameter. less than about 0.4'micron. 
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33 The composition of claims 1-32 wherein the metal oxide abrasive consists of discrete individual metal oxide 
IXs h-ina a primary particle diameter less than 0.400 micron and a surface area ranging from about 1 0 m2/9 
to about 250 m^/g. 

34. The composition of claims 1 -33 wherein the abrasive has a surface area ranging from about 5 m^/g to about 430 
m2/g. 

35. The composition of claims 1 -34 wherein the abrasK/e has a surface area of from about 30 m^/g to about 1 70 m^/g. 

36. The composition of claims 1-35 wherein the abrasive is precipitated abrasK^es or fumed abrasives. 

37. The composition of claims 1 -36 wherein the abrasive is precipitated silica, fumed silica or fumed alumina. 

38. The chemical mechanical polishing composition of claim 1 which comprises: an abrasive; 

"rrboSo'lo'about 10.0 weight percent of an oxidizing agent selected from the 9roup con^sting of hy- 
dZen peroxide and monopersulfate wherein when the oxidizing agent is hydrogen perox.de. then the slurry 
l,res7rC^;2out0.01toabout0.05weightpercentfer^ 

fate, then the slurry includes from about 0.1 to about 0.5 weight percent ferric nitrate catalyst. 

39. A chemical mechanical polishing slurry comprising: 

from about 1 .0 to about 15.0 weight percent silica; 

from about 0.1 to about 0.5 weight percent ferric nitrate catalyst; and from about 
1 .0 to about 10.0 weight percent monopersulfate. 

40. A chemical mechanical polishing .slurry comprising; 

from ahout 1 0 to about 15.0 weight percent silica; . 
\Z about o'.OI to about 0.05 weight percent ferric nrtrate catalyst, and from about 1.0 to about 10.0 we.ght 

percent hydrogen peroxide. 

41. A chemical mechanical polishing slurry comprising: 

from about 3.0 to about 7.0 weight percent silica; 

from about 0 01 to about 0.05 weight percent ferric nitrate catalyst; and 

irpr^ductofthl admixture of from about 0.5 to about 1 0.0 weight percent hydrogen peroxide and from about 
2 equivalents per catalyst to about 15 equivalents per catalyst malonic acid. 

42. The slurry of claim 41 wherein the silica has a surface area between about 120 m^/g to about 200 m^/g. 

43 A chemical mechanical polishing precursor composrtion comprising an aqueous solution of from ^bo^t 3 0 to aboirt 
7 O wSt percent silica, and the product of the admixture of from about 0.01 to ^^-^ ^ff^^-J;^ 
nitrate catalyst and from about 2 equivalents per catalyst to about 15 equivalents per catalyst malonic acd. 

44. A method for polishing a substrate including at least one metal layer comprising the steps of: 

(a) admixing the compositions of claims 8. 10-14, 1 8-25. 29-37 or 43 and deionized water to give a chemical 

rbradmixSh^^^^^^^^ 

mechanical polishing slurry; 

(c) applying the chemical mechanical polishing slurry to the substrate; and 

(d) removing at least a portion of the metal layer from the substrate by bringing a pad into contact with the 
I substrate and moving the pad in relation to the substrate. 

45. A method for polishing a substrate including at least one metal layer comprising the steps of: 
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(a) admixing the chemical mechanical polishing compositions of claims 1-7 or 9-42 and deionized water to 
give a chemical mechanical polishing slurry; 

(b) applying the chemical mechanical polishing slurry to the substrate, and 

(c) removing at least a portion of the metal layer from the substrate by bringing a pad into'contact with the 
5 substrate and moving the pad in relation to the substrate. 

46. The method of claims 44-45 wherein the substrate includes a tungsten containing metal layer wherein at least a 
portion of the tungsten layer is removed in step (c). 

10 47. The method of claims 44-46 wherein the substrate further includes a titanium and/or titanium nitride metal layer 
wherein at least a portion of the titanium nitride layer is removed in step (c). 

48. A chemical mechanical polishing composition multi-package system comprising: 

IS (a) a first container comprising the composition of claims 8, 10-14, 18-25, 29-37 or 43; and 

(b) a second container comprising an oxidizing agent. 

20 
25 
30 
35 
40 
45 
SO 
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